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ABSTRACT

Based on a pilot survey of workers in an office building in St.
Louis, Missouri, we evaluate reported levels of importance and
sati#faction associated wich lighting ﬁonttols and other environ-
mental conditions 1in workspaces and how they relate to physical
features of the building and selected sociodemogr#phic charac-
teristics. We found that most respondents coﬂsidered the majoriﬁy
of their workspace conditions important and satigsfactory. The
data suggest a negative relationship between how people evaluate
the importance of and their satisfaction with their working
enviromment: those who are least satisfied with features of their
workspace consider these features very important, and viée versa.
He also found that floor location, window orientétion, and gender
of worker were statistically significant correlates of many atti-
tudes toward workspace features. Optimal benefits from new light-
ing and related control technologies will require good design and
efficient hardware; however, our results suggest that careful
integration of these technologies with worker values and priori-

ties is essential if potential benefits are to be realized.
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INTRODUCTION

Lighting typically consumes 30 to 50% of the energy used in
commercial office buildings [1]. A significant amount of lighting
energy can be reduced Sy incorporating new lighting hardware, con-
trols, and operating scra:égies in the design of new and retrofit-
ted facilities. For example, automatic exterior shading of sun-
light and dimming of 1interior electric 1lights in response to
available daylight offer energy savings as well as adequate 1ight;
ing quantity and quality for most work tasks in perimeter zonés.

Until now, however, evaluaﬁions of such sophisticated systems have

primarily emph#sized technical and economic criteria (e.g,,

costs, benefits, and payback periods) without considering the

effects of these new technologies on office workers.

The fesponse of workers in office buildings to 1lighting éon-
trol systems is an important area in need of study [2]. For exam-
ple, unfamiliar or “unfriendly” controls may result 1in negative
responses from affected workers, leading to possible misuse,
alteration, or disuse of the controls. In order to ensure that
potentially useful technologies are made “user—friendly,” an
understanding of worker response benefits are to be realized.
This 1s particularly important in daylighted buildings where the
proper integration of daylighting source controls (fenestration
controls) and electric 1lighting systems is necessary for a suc-
cessful design. With this awareness, architects and designers,

building owners and managers, and office workers will be able to
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participate in developing control strategies that will provide

satiéfactory conditions in office workspaces.

Recent research indicates thatiworker satisfaction with office
environments 1s associated with job performance [2,3]. Among the
physical environmental conditions considered important for worker
satisfaction are acoustics, heating, ventilation (including air
quality), air conditioning, lighting, outside view, and the design

of the workspace.

Lighting is considered one of the most impértant features
éffecting worker satisfaction with the work enviromment, and was a
feature rated satisfactory by most workers surﬁeyed [2,4]. How-
ever, these studies focus on thg visibility ratings of lighting
for various tasks rather than on emerging control issues associ-

ated with new hardware and operating strategies.

Daylighting and view are also perceived as important factors
affecting workspace satisfaction ([2]. Research suggests that
workers desire daylighting, independent of its contribution to
task visibility. In most cases, control of daylight admission can
regulate heat gain from sunlight and overcome g;are to provide

high=quality visibility for most office tasks.

The purpose of our research program on occupant response is to
evaluate the level of worker saﬁisfaction in office buildings that
contain new lighting and fenestration controls. This pilot survey
1s a first step 1in developing approaches to measuring occupant

response, although this building does not 1include sophisticated
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control technologies. We' analyéed worker-reported levels of
importance and satisfaction associated with lighting coﬁtrols and
_ ’

other environmental conditions in affected workspaces and how they
are related to selected sociodemographic features (e.g., age,
gender). In addition, we measured selected physical parameters
(e.g., light, temperature, sound) and documented the physical
fgaCures of representative wo?kspaces with photographs. The find-
ings presented in this paper represent thé preliminary stage of an
ongoing research project concerning workers” responses to lighting

and related controls, and the effect of these responses on energy

use in commercial buildings.
METHODOLOGY

During Januarf 1983; we conducted our first survey in the
recently renovated Wainwright office building in St. Louis, Mis-
souri. This nine-story-high landmark structure was constructed in
1891, with office wings wrapping around three sides of an interior
light well (atrium) (Fig. l1). High, exterior windows and narrow.
building sections ‘allowed daylight to penetrate deep into the
interior. 1In 1981, the structure was exgensively renoQa:ed for
occupancy by various state agencies. The 1light well is now
enclosed by a glass skylight and a fourth (north) wall; the origi-
nal windows, now bounding the interior circulation corridor, open
onto a new atrium. Additional office space was provided by a new,

three-story complex joined to the base of the Wainwright building.



A self-administered questionnaire for office workers was
developed that emphasized lighting conditions and related features
(e.g., thermal, acoustical, and human comfort conditions) typical
of office workspaces.+ The survey”s 61 quéstions were organized
into two groups: (1) attitudes about conditions of the workspace
(the particular part of the office in which respondents do most of
their work); and (2) backgroﬁnd questions, such és location of the
workspace (outside, middle, and interior of each floor); workspace
plan (open, closed); amount of time spent with this organization
and in the present workspace; and each worker’s agé and gender.
Eaéh respondent estiﬁated the degree of 1mporta€ce and satisfac-
tion associated with 24 features of his/her workspace (Table 2).
Workers used a 4—point scale to respond to attitudinal statements
(1 = most importaht or most satisfiedg 4 = least‘ important or
least satisfied). 1In addition, they ranked the three most impor-
tant and three least important features, as well as the three most
satisfying and three least satisfying features. The 24 workspace
fe;tures that we asked about are recognized in current literature
as impor;;nt lighting-related factors. They were presented to
respondents in an order that reduced emphasis on the variables in
which we were most interested (i.e., the questionnaire was struc-
tured go avoid response bias). At the end of the testing, respon-
dents were invited to comment on conditions not included in the

questionnaire.

+

A copy of the questionnaire is available from the authors.



Questionnaires were distributed to workers on all nine floors;
locations 1included the exterior perimeter and interior of the
building and areas adjacent to the interior circulation corridor,
bordering the 1light well. Locations were marked. on plan drawings
and confirmed during collection 6f the questionnaires on the same
day. Our sample s8ize was 162 office workers; we achieved a 977

response rate.

After cémpleting the Qurvey, we took measurements of related

physical conditions in representative workspaces:

® {lluminance levels on work surfaces;

# luminance levels of ceiling light sources and surrounding

surfaces;

® dry and wet bulb temperatures;

® background sound levels;

® physical dimensions of representative office furniture.
In éddition, we pho:ogrﬁphed representative work stations for

later analysis.

Lighting measurements included illuminance and luminance lev-
els. Generai lighting was wusually provided by ceiling-mounted
" fluorescent fixtures. Lighting levels differed in each location
as a result of proximity to these ceiling fixtures. There were
few task 1lights. Illuminance 1levels of work—-surfaces ranged
between 320 and 650 lux, averaging 550 lux. Luminance levels of
lighting fixtures averaged 3000 cd/mz; reflectance of surrounding
surfaces averaged 82X for white gypsumboard wall surfaces, 32%

for gray, fabric-covered furniture, and 14% for darker gray

-6-



carpeting.

Thermal measurements included dry and wet bulb -temperatures.
AVeragé dry bulb temperature was 26°C, and average wet bulb tem-

perature was 14°C, providing 20Z%Z relative humidity.

Background sound levels were dominated by sounds broadcasted
from loddspeakers located above the hung ceilings. Backgrouud
sound level measurements ranged between 44 and 57 dBA, averaging

52 dBA. Noise levels of office equipment were not evaluated.
RESULTS

We present our initial fiadings in four seétions.. First, we
briefly 'describe the sample of office workers surveyed. In the
second section, we report the degree of importance and satisfac-
tion they associated with specific features of their workspaces.
In the third section; we use factor analysis to investigate the
commonality of and interrelationships among fhe work area
features. In the fourth section, we analyze correlates of ‘atti-

tudes toward the working environment.

All statistical analyses‘were performed using the Statistical
Package for the Social Sciences (SPSS) [5] through the computer

center at lLawrence Berkeley Laboratory.



Sample description

Almost 80%Z of the 162 workers surveyed were women (Table 1).
Approximately one-half of the workers were between 30 and 39 years
old; more than three—quarters were between ZQ and 49 years old.
About 70% of those sampled had worked in the same workspace for 1
year or more. Most respondents were located along the exterior
periphery of 'the building_ (512),. énd ‘most éccupied open—-plan
workspaces (88Z). Due to the absence of similar data on the
entire population of office workers in this building, we were
unable to evaluate quantitatively the representativeness of our
éample. However, based on impressionistic data, we conclude that
che sample was reasonably representative of the building popula-

tion.

Importance of and satisfaction with workspace features

We first asked office workers to rate the importance of 24
features of their workspace as thbse features relate to the work-
ers” well-being ("... show how important it is to you for that
feature to be satisfactory”). ‘We then askedvthem to rate their
satisfaction with these same features (”... show how satisfied.you
are with that feature in your own work station”). ' These features,
listed in the same order as in‘the questionnaire, appeér in Iable
2. The ratings are shown in Table 3. Column 1 lists the features
of the workspace. Columns 2 through 5 1list ‘the percentages of
responses in terms of 1importance (light band) and satisfaction
(shaded band). The percentages are based on the proportion of the

total sample for which each workspace feature was applicable.
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More than 90% of the respondents indicated that the amount and
quality of 1light for reading and writing were very important,
while more’than 75% believed the amount of space in their areas
and the comfort of their chairs were very important. Also, more
than 50% of the individuals reported that the arrangement of their
. desks, bookcases, and other furniture, and the freedom to have
private conversations and piivate telephone discussions in their
work areas were very important to them. Moreover, the amount and
quality of light for computing, filing, and other tasks, and the
means to control glare>from lighting sources, were considered very
important by most respondents. The means to control the tempera-
ture and ventilation in their work areas during summer and winter
were_v§ry important to more :h;n 60% of respondents. Moreover,
few éeople thought that cthese weather-dependent variables were
-unimportant. In fact, most workers séid most workspace features

were important (privacy of work area was the only exception).

Those features deemed to be not too important of not important
at all by at least 20X of the sample were: privacy of work area;
the kind of view from a window; the ability to control sound from
outside the building or from §cher places within the building; and
access to coantrols for work-surface 1lighting, ceiling lighting, "

venetian blinds, drapes, and other lights.

In order to discover how important each feature was in rela-
tion to the other characteristics of the workspace, we asked each
person to rank the most important and least important features.

Each respondent 1listed three features (out of a possible 24) in

-9-



order of impottance. The three highest percentages are listed 1in
the 1light band (toﬁ half of Véach numbered row) of Columns 7
through 12 in Table 3. The proper amount of space, the ability to
countrol summer temperatures, and the ability to have private phone
discussions were ranked aﬁong the three most important features of
the workspace. The abilitf to have private office conversations,
the correct amount of light for reading, and the cpntrol of summer
and winter ventilation were also ranked among the most important
features. Window views, the control of noise outside the build-
ing, and the privacy of work area were ra:ed'among the three least
impoftant features. The control of drapes and access to controls
of other 1lights were alsd considered to be of very little impor-

-~

tance.

We next examined how satisfied each individual was with
respect to each of the workspace features described above (the
shaded band in Columns 2 through &4 1in Table 3). The most
interesting difference between these results and those regarding
importance was the extent of dissatisfaction éith some of the
workspace features. For example, a majority of workers were very
satisfied with only two workspace features——the control of noise
from outside the building (64Z) and the control of venetian blinds
(62%). There was a great deal of dissatisfaction (averaging 603%)
with the control of winter ana summer temperatures and some dissa-
tisfaction (averaging 40Z) with the control of winter "and summer
ventilation. Moreover, more than one-third of the respondents
were dissatisfied with a number of characteristics of their work-

ing enviromment: privacy of work area, conversational privacy, and
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access to work-surface lighting controls.

Nevertheless, most officé workers were satisfied with many
features of their workspaces: the amount of space and arrangement
of the furniture; thé comfort of their chairs; privacy of work
areas; view from their windows; control of sounds within the
building; coatrol of glare; the amount and quality of 1light for
reading, Qriting, computing, filing,.and other'tasks; and access

to control of lights and shading devices.

In ordef to see how satisfaction with one feature of the
workspace cohpared with satisfaction‘withfocher characteristics,
we asked each person ﬁo rank three features as being most satisfy-
ing and three as least satisfying to them. The three highest per-
centages are listed in the shaded band (bottom half 6f each aum-
" bered fow) of Columns 7 through 12 in Table 3. Respondents were
most satisfied with the sizes of their workspaces, the amount and
quality of 1light for reading, and the comfort of their chairs.
They were also very satisfied with the way their desks, bookcases,
and other furniture were arranged and thé means to control sounds

from outside the building.

Respondents were least satisfied with the ability to control
winter and summer temperatures and the means to have private phone
discussions. They were also dissatisfied with the possibilities

for having private office discussions and with the control of sum-

mer ventilation.
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" We next examined the correlations’' between reported importance
and satisfaction for each workspﬁce feature (Column 6 in Table 3).
The resuits indicate_a neéacivé relationship (statistically signi-
ficanc); between .how an individual evaluated the importance of a
particular feature of his/her wofking environﬁent and his/her
satisf#ction with‘it. For example, workers who were least satis-
fied with the control Qf summer and winter temperatures and venti-
lation considered these feaﬁures Vefy important. On the other

hand, workers who were most satisfied with these features con-

sidered them unimportant.

A more graphic summary of the relationship between the impor-
tance of and the satisfaction witﬁ workspace features 1s presented
in Fig. 2. The data points represent the 24 variables. The coor-
dinates of these variables represent the average responses pf the
total sample of office workers (where 1 was recorded as least
important or least satisfactory and 4 as most important or most

satisfactory)}

JrIn correlation analysis, the correlation coefficient is a measure
of the degree of relationship present between two linearly related
variables. In a perfect positive relationship between two vari-
ables, the correlation coefficient is equal to 1.00. In a perfect
negative relationship, the correlation coefficient 1is equal to
-1.00. If there is no relationship between the two variables, the
correlation coefficient is 0. See Ref. {6] for more information
on correlation analysis.

;In determining statistical significance in this study, 90% and
952 levels of significance are used in measuring the association
between variables. A 95X level of significance indicates that
there {8 a 5/100 chance that associations are not statistically
significant but are simply the result of sampling error or random
effects (i.e., we are 951 confident that the measured associations
are statistically significant in the population). See Ref. [7]
for more information on statistical significance.
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- As seen in Fig. 2, those features deemed by the entire sample
" to be most important and most satisfactory were the amount and
quality of light for reading, writing, and other tasks; the amount
of space; and ‘the comfort of chairs. The most dissatisfaction
occurred for two of the most iImportant workspace features: the
" control of summer and of wintef temperatures. The correlation
' between the mean values of importance and satisfaction for all
workspace featureé was =0.15, a negative but not statistically
significant relatiomship. Examination of Fig. 2 suggésts that
there 1is a substantial subset of features for which the correla-
tion Setween importance and satisféction can be viewed as posi-
tive. More detailed analysis, including additional building stu-

dies, is required to better understand these results.

Attitudinal factors

_Another object;ve of this project was to 'discover how ques-
tions concerning importance were related to one another, how
_ questions concerning satisfagtion were related to each other, and
how both sets of questions were related to ome another. By exa-

mining correlation matrices and counducting factor analysis, we
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discovered distinct groups of variables, called factors.

The 24 attitudinal questions on importance of workspace

3

features were subjected to principal factor analysis.' The factors
are listed in Table 4 in order of importancé, the first fact§r
being the one that accounts for the most variance and, therefore,
the most important factor. There are eight primary factors: ther-
mal controls, lighting ﬁontrols, light for specialized tasks,

sound controls, privacy, light for general tasks, shading devices,

and office design.

The first factor (thermal controls) consisted of variables
related to temperature and ventilation. The second factor (light-
ing conﬁrois) contained variables concerning access to controls
for work-surface lighting and ceiling lighting. The third factor
(light for specialized tasks) concérned the amount and quality of

light for computing, filing, and other tasks. The fourth factor

+Fac:or analysis is a method for reducing a large number of vari-
ables to a smaller number of presumed underlying unities termed
factors. Factors are hypothetical variables derived from the in-
tercorrelations among variables. Although the generation of fac-
tors by no means insures meaning, the factors that were produced
in this. project are regarded as meaningful by the authors. The
factors used in the analysis were based on the clustering of fac-
tor loadings that were simply the correlations between each vari-
able and each factor. Varimax rotation was used to simplify the
interpretation of factors; this statistical method leads to a re-~
latively small number of variables having high 1loadings on one
factor and the rest of the variables having no loadings om it.
See Refs. [8] and [9] for more information on factor analysis.

;Eight factors were extracted having eigenvalues greater than 1.
The factors were varimax rotated; variables that had loadings of
0.75 or greater on a rotated factor were examined. These factors
explained 75% of the total variance of the attitudinal variables.
The first three factors explained almost 447% of the total variance
of the attitudinal factors.

-1l4-



(sound controls) coﬁtained two variables that concerned the con-
.trol of sounds frbm outside the building and ffom other places
within'the building. The fifth factor (privacy) represented vari-
ables concerniﬁg the privécy available for discussions on the
Celephone or in the office. ' The sixth factor (light for general
Vtasks) consisted of variables related to the amount and quality of
light for everyday tasks (reading and writing). The seventh factor
(shading deviceé) contained variables relating to the control of
‘drapes and venetian blinds. The eighth and final factor (office
design) was composed of only one variable: the amount of space in
the office. In general, these factors made inherently good sense
and were logically coansistent. In future analyses, we hope to

make use of these eight factors (or a subset of these factors) for

examining lighting controls and energy use in office buildings.

We next subjected the 24 attitudinal questions on satisfaction
with workspace features to principal factor analysis, using the

+

methodology described above.' The groupings of satisfaction vari-
ables were found to be similar to those for importance variables
(Table 5). Déspi:e minor vﬁriations in the ordering of the fac~-
tors and in the groupings within the factors, the two sets of fac-

tors were extremely consistent. Thus, the data indicate subgroups

of workspace features of similar importance and/or satisfaction.

“+Six factors were extracted having eigenvalues greater than 1.
These factors explained 76% of the total variance of the attitudi-
nal variables. The first two factors explained almost 52% of the
total variance of the attitudinal factors.
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We then subjected all 48 attitudinal questions concerning
workspace features to principal factor analysis. The constructed
factors were no different than factors previously extracted in the

separate analyses of importance and satisfaction variables.

The purpose of the factor analysis was heuristic: we wished to
isolate reasonable attitudinal dimensions that reflect respon—
dents” basic conceptﬁalizations of‘cﬁeir working environment. We
note, however, that this conceptualization is constrained by the
. topics addre#sed in the questionnaire. in future work, we hope to
relate these and other are attitudinal factors cé specific light-

ing controls and actual energy coansumption.

Correlates gi attitudes

Another objecﬁive of this investigation was to analyze corre-
lates of attitudes toward workspace conditions. We analyzed
correlations among the perceived importance of and satisfaction
with workspace features and the f§llowing variables: floor level;
location of workspace (outside, ﬁiddle, or interior); pian of
workspace (open or closed); . orientation of proximate qindows
(north, east, south, or west); temancy (amount of time spent at
workspace); and each worker’s age and gend;r (Columns 13 through
19 in Table 3). The correlations for importance and satisfaction
are listed in the light and shaded bands, respectively, of Columns
13 through 19. We examined the statistical significance of the
correlations at both the 0.05 and 0.01 levels. The following dis-
cussion interprets only those variables that were statistically

significant at these levels.
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We then subjected all 48 attitudinal questions concerning
workspace features to principal factor analysis. The constructed
. factors were no different than factors previously extracted in the

separate analyses of importance and satisfaction variables.

The purpose of the factor analysis was heuristic: we wished to
isolate reasonable attitudinal dimensions that reflect‘respon-
dents” basic conceptualizations of their working environment. We
' note, however, that this conceptualization is constrained by the
topics addressed in the questionnaire. In future work, we hope to
relate these and other afg attitudinal factors to séecific light-

ing controls and actual energy counsumption.

Correlates gg attitudes

Another objective of this investigation was to analyze corre-
lates of attitudes toﬁard workspace conditions. We an;lyzed
correlations among the perceived importance of and satisfaction
with workspace features and the following.variables: floor level;
location of workspace (outside, 'middle, or Iianterior); plan of
workspace (open_‘or closed); orientation of proximate windows
(north, east, south, or west); temancy (amount of time spent at
workspace); and each worker”s age and gender (Columns 13 through
19 in Table 3). The correlations for impértance and satisfaction
are listed in the light and shaded bands, respectively, of Columns
13 through 19. We examined the statistical significance of the
correlations at both the 0.05 and 0.01 levels. The following dis-
cussiou in:erpreﬁs only those variables that were statistically

significant at these levels.
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It is important to note that this analysis concerns only those
questions asked 1in the questionnaire. Therefore, it is possible
that data not collected in this study (omn charactetistiﬁs such as
job responsibilities, work activities, salary, and séniority) mgy
be important correlates of attitudes toward workspacg conditions.

We hope to include such questions in future studies.

Floor level was statistically correlated with 2 importance and

14 satisfaction variables (Table 3, Column 13). Workers at higher

floor levels believed private phone and office discussions were’

more important than did individuals at lower floo: levels. More~
over, offiée workers at the higher levels weré less satisfied with
nany‘wotkspace features, such as control of summer and winter ven-
tilation; amount and quality of light for computing, filing, and
other tasks; and access to controls for work—surface lighting,

ceiling lighting, and other lights.

Workspace location—outside, middle, or interior——was s;atistﬂ
icaliy correlated with 6 importance and 4 satisfaction variables
(Table 3, Column 14). For example, access to the controls of
work—-surface 1lighting and venetian blinds was more important to
workers located in worksgpaces alqng the exterior of the building
(outside workspaces) than to workers in middle and interior
vorkspaces. On the other hand, the amount and quality of 1light
for filing and for other tasks was more important for workers in
interior workspaces than for workers elsewhere. Workers im out-
side spaces were more satisfied than other workers with the com-

fort of their chairs, with their window views, and with the
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control. of venetian blinds and drapes.

Orientation of windows in the workspace was statistically
correlated with 4 impér;ance and 4 satisfaction variables (Table
3, Column 15). Workers having windows faﬁing north found views
and the control of venetian blinds more important than did workers
whoge windows faced other directions (especially, those oriented
to the west). Light for computing and for filing was less impor-
tant to workers having north—-facing windows than to others. On
the other hand, workers having north—-facing windows found the con-
trol of work-surface lighting, ceiling lighting, and inside sound
to be 1least satisfactory while they were satisfied with their

privacy for office coaversations.

Workspace plan-—open or closed—was statistically correlated

with 6 importance and 7 satisfaction variables (Table 3, Column
16). Workers in closed-plan workspaces indicated, for example,
that access to control of ceiling 1lighting, venetian blinds,
drapes, and other lights was more important than did workers in
open—-plan workspaces. Those in open workspaces were less satis-
fied with a number of workspace features, such as access to the
control of work-surface lighting, than were workers in closed-plan

workspaces.

Tenancy, or the amount of time spent in the same work space,
wvas statistically correlated with 7 importance and 3 satisfaction
variables (Table 3, Colummn 17). We examined three categories of
workers: individuals who had been at the same workspace for 6

months or less, for more than 6 months but less than 1 year, or
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for more than 1 year (see Table l). We found that the longer peo-
ple worked in the same workspace the more importance tﬁey attached
to the arrangeﬁent'of furnituré, the privacy of the work area, the
kind of view from their windows, the amount of workspace, and
telephone and office. ;onversational privacy. In contrast, more
recent arrivals perceived the control of winter ventilation to be
more 1important .than did 1longer-term workers. Also, the longer
peop;e worked in the same workspace, ghe léss.they were satisfied
with vindqw view, control of summer ventilation, and control of

sounds from outside the building.

Gender was statistically correlated with 12 importance and 5
satisfaction variables (Table 3, Column 18). ﬁbuen found, for
example, the'control of summer and winter temperatufes and venti-
lation andAthe amount and quality of light for filing; computing,
and other tasks to be.more important than did men. On the other
hand, men found control of both outside and inside sounds, privacy
for office discuésions, and access tq control of venetian blinds
more important than 'did Homen; In terms of satisfaction, women
were less satisfied than men with the amounf of workspace, the
control of glarg, the control of summer and winter temperatures,

ahd their access to coantrol of work-surface lighting.

Age was negatively correlated with 2 importance and 7 satis-
faction variables (Table 3, Column 19). Younger respondents, for
example, considered the amount of space and the kind of view from
a window to be more important than did older office workers. More-

over, younger workers were less satisfied than older workers with
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a number of workspace features such as window views and the amount

and quality of light for writing and computing.

In summary, there was a strong re;ationship between peoples”
physical 1location in the building and their perceived 1mportance‘
of and satisfaction with certain 1lighting controls and other
workspace conditions. Location within a building-~at a particular
floor level or workspace—was significantly correlated with a
ﬁumber of féa:utesf As gtated previously, however, other featufes
(e.g., job tesponsibilitieé, etc.) may be underlying determinants
of workers” attitudes toward their work environments. Gender and
age were also important correlates of perceived importance of and
aatisfactiog Qith workspace conditions: women and younger office
vorkers were less satisfied with many features of their work

environments.
SUMMARY

Most respondents in our sample considered the -majoricy of
their workspace conditions_impottanc. This confirms our working
hypothesis that the conditions we studied are important to work-
ers. Hoﬁever, we realize that there may be other conditions not
included in our questionnaire that may affect worker response to

emerging lighting and related control technologies.

It was interesting to find that at least 20X of those surveyed
believed that access to controls for work-surface lighting, ceil-
ing lighting, venetian blinds, drapes, and other lights were not

very important or not important at all. A possible reason is that
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window controls in éhis building are limited to venetian blinds
that are seldom used for light, thermal, or view control. More-
over, the limited views from the windows may strongly influence
peoples” use of ;he blinds: there are high-rise buildings to the
north and south, mid-rise parking facilities to the east, and
older, low-rise structures to the west. Thus is possible that
-workers regard view and lightiug-teiated coqtrols asv more impor-
tant when views are more pleasing an&, more importantly, when

lighting controls are automatic.

Most workers in this facility were satisfied with bthe condi-
tions of their work environments. However, there was considerable
dissatisfaction with the control of summer and winter temperatures
and ventilation. We found this dissatisfaction justified on cheA
basis of the physical measurements conducted in the buildiné dur-
ing the winter-——many areas were overheated. We intend to conduct
a similar survey during the summer in this building to determine
whether workers” dissacisfaction is also justified during the

cooling season.

One of the more important findings.ac this stage in the pro-
Ject was the negative relationship between how individuals evalu-
ate the importance éf and their satisfaction with their working
environment. It appears that those who are least satisfied with
features of their workspaces consider these features to be very
important. Similarly, those who are most satisfied with certain

conditions consider them to be unimportant.
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We also found that workép;ce conditions are complex and inter-
related. Most workspace features can be categorized into groups
(factors): thermal controls, lighting COntrols; .souﬁd controls,
and shading devices. One consequence of this finding is under-
standing that changing one feature is' likely to alter other,
interrelated features of the workspace. Consquep:ly, attempts to
improve one workspace condition m#y improve other éondition$. For
example, providing conc:ol over wincervtemperatures might also

enable workers to control summer temperatures.

Evaluations of importance of and satisfaction vitﬁ workspace
features were affected by location 1; the building (floor level
and proximity to exterior or interior), workspace plan (open or
closed), window orientation, amouﬁt of time spent ac.workspace,
and the age and gender of ;he respondents. In particular, we
found that floor location, window orientation, and gender vere
correlates of manytacci:udes':oward workspace féa:ures. Couse-
quently, optimal benefits from new lighting and related control
technologies will depend on careful integration with worker values
and priorities. Assuming that all workers would respond similarly
to these technologies would probably lead to the problems men=—
tioned at the beginning of this paper—misuse, alteratiom, or
disuse of control technologies——along with related problems /of

lighting energy waste and deterioratiom in workers” satisfaction

and performance.



Because this project was one of the first to analyze office
worker response to lighting controls and other environmentai con~-
ditions, we believe thac improvements can be made in the types of
questions included in the survey. Additional questions shou}d be
asked about office workers” roles and positions within their
organization: for example, thelr job respomsibilities, seniority,
salary, and work tasks. Ansv;rs to.these questions would act vas
controls in analyzing the correlates of attitudes. Soge of the
questions themselves could be made more specific for comparative
purposes, for example, by 1nc1gd;ng actual temperature ranges for

estimating sacisfac:ion with winter and summer temperatures.

Caution should be used when generaliziﬂg from this study to
~other buildings and regions. It is possible that our results are
unique and not representative of other office buildings and areas
around the éountry.- Similar atﬁdiea in other buildings, in other
regions, and with other population samples are necessary before
we cah conclusively describe the attitudes and behavior of office

workers toward workspace environments.
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Table 1 Characteristics of office workers. in the Wainwright building.

Percent (%)

Gender
Male 20.9
Female 79.1°
Age
Less than 20 years 0.6
20 - 29 years 22.8
30 - 39 years 42.4
40 - 49 years 13.3
50 - 59 years 15.2
60 - 69 years 5.1
70 years or older 0.6
‘Workspace tenancy .
6 months or less 13.9
6 months - 1 year 19.2
1l year or more : 66.9
Location of workspace
Outside ' 50.6
Middle . 26.5
Interior - 22.8
Orientation of workspace
' North 9.9
"East 29.0
South 29.0
West 32.1
Plan of workspace
Open ' 88.3
Closed 11.7
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Table 2 Workspace features.

Workspace feature

Amount of sﬁace
Furniture arrangement
Chair comfort

Privacy of work area
View from window

Control of outside sound

Control of inside sound

Control of glare
Private phone talks

Private office talks

Control of summer temperatures
Contrél of winter temperatures
Control of summer ventilation
Control of winter ventilationm
Light for reading

Light for writing

Light for computing

Light for filing

Light for other tasks

Control of work-surface lighting
Control of ceiling lighting
Control of venetian blinds

Control of drapes
Control of other lights -

Description

Amount of space in workspace -
Arrangement of desk, bookcases, and
other furniture '
Comfort of chair -
Visual access or privacy of work area
Kind of view from window '
Ability to control sound from outside
the building
Ability to coatrol sound from other
places within the building
Control of glare from light sources
Ability to have private telephone
discussions

. Ability to have private conversations

in work area
Ability to control the temperature
in work area during summer months
Ability to control the temperature
in work area during winter months
Ability to control ventilation in work
area during summer months
Ability to control ventilation in work
area during winter months
The right amount and quality of light
for reading
The right amount and quality of light
for writing
The right amount and quality of light
for computing ,
The right amount and quality of light
for filing
The right amount and quality of light
for other tasks . '
Access to controls for work-surface
lighting
Access to controls for ceiling lighting
Access to controls for venetian blinds
Access to controls for drapes ~
Access to controls for other lights
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Table & Factor analysis of importance of workspace features.*

Factor

Factor

Factor

Factor
Factor
Factor
Pactof

Pactor

1:

2:

4

5:

7:

Thermal controls »

Control of winter ventilation
Control of summer ventilation
Control of winter temperatures
Control of summer temperatures

Lighting controls
Control of work-surface lighting
Control of ceiling lighting

Light for specialized tasks
Light for computing

Light for other tasks
Light for filing

Sound controls
Control of inside sound
Control of outside sound

Privacy
Private office talks
Private phone talks

Light for general tasks
Light for reading
Light for writing

Shading devices
Control of drapes
Control of venetian blinds

Office design
Amount of space

*
Results are based on a varimax rotated factor matrix.
represent the loadings (correlations) of each variable on each factor.
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Table 5 Factor analysis of satisfaction with workspace features.”

‘Factor 1l:

0.92
0.90
0.83
Light for other tasks 0.81
0.81
0.81
0.80

Factor 2:

Factor 3

Factor 4:

.FéctorAS:

Factor 6:

Lighting _

Light for writing
Light for reading
Light for filing

Control of work-surface lighting
Control of ceiling lighting
Light for computing

Thermal controls

Control of summer ventilation 0.88
Control of winter ventilation 0.88 -
Control of summer temperatures 0.83
Control of winter temperatures 0.80
Privacy o

Private phone talks 0.80
Private office talks 0.79
Shading devices .

Control of venetian blinds 0.90
Control of drapes 0.88
Office design:

Amount of space 0.82
Furniture arrangement 0.82

Sound control ‘
Control of outside sound ' 0.88

*Results are based

on a varimax rotated factor matrix.

The

numbers represent the loadings (correlations) of each variable on

each factor.
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1 Office Space
2 Atrium

3 Terrace A Third Floor Plan
4 Court of Appeals Offices o .

5 Court aof Appeals Offices/Library
6 Open to Courtyard

XBL 844-10308

Figure 1: Floor plan of the Wainwright building. The sample was

taken from workspaces in the shaded area.
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Figure 2: Comparison of the importance

Controi of drapes
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of and satisfaction with

® v
Mean responses for the total sample are plotted and are

based on the proportion of the total sample for which

each workspace feature is applicable.
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